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Stanford-Trained Sleep Surgeon: 

� Multidisciplinary perspective to advanced treatment of OSA.

� Sleep Medicine, Sleep Dentistry, Otolaryngology (ENT), Maxillofacial 
Surgery, and Myofunctional Sciences.

� Clinical Research and Evidence-Based Medicine.

Stanford Sleep Surgery Fellowship Alumni Network 

Structural & functional approach to 
sleep and breathing issues for children and adults. 

Patient care, research, and education. 
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Level 3 evidence 

Question: 
Could altered tongue mobility affect development of the 
maxillary arch?

Restricted Tongue Mobility V-Shaped Maxillary Arch
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U-Shaped Arch

Tongue as scaffold for maxillary arch

Animation Credit: 
Nathan Devery and Nora Ghodousi- Zaghi, DDS

Animation Credit: 
Barry Raphael, DMD

V-Shaped Arch

Animation Credit: 
Barry Raphael, DMD

Low tongue position à dysfunctional scaffold

Animation Credit: 
Nathan Devery and Nora Ghodousi- Zaghi, DDS
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Skeletal Deficiencies:
V-Shaped

High Arched 
Narrow Palate

Dental Crowding

Conclusion: Restricted tongue mobility is associated with 
narrow V-shaped maxillary arch

Level 3 evidence showing that Grade 3+ functional ankyloglossia is associated with 
alterations of orofacial morphology
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High Arched Palate à Narrow Nasal Cavity

Tongue position is integral to development of maxillary morphology

High arched palate

Narrow nasal cavity

Low tongue position

Yoon, A. J., Zaghi, S., Ha, S., Law, C. S., Guilleminault, C., & Liu, S. Y. (2017). 
Ankyloglossia as a risk factor for maxillary hypoplasia and soft palate 
elongation: A functional–morphological study. Orthodontics & 
craniofacial research, 20(4), 237-244.

Guilleminault C et al., The nocturnal-polysomnogram and “non-hypoxic sleep-disordered-breathing” in children, 
Sleep Medicine, https://doi.org/10.1016/j.sleep.2018.11.001 

2018
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High Arched
Palate

Rapid Maxillary Expansion

� 17 studies 

� n= 314 children with with high-
arched and/or narrow hard 
palates and OSA 

� AHI Reduction: 70% 
� From  8.9 ± 7.0/h

� To 2.7 ± 3.3/hr

� Cure rate (AHI <1/hr): 25.6%.

Rapid Maxillary Expansion for Pediatric Obstructive Sleep Apnea: A Systematic 
Review and Meta-Analysis 

Macario Camacho, MD; Edward T. Chang, MD, MS; Sungjin A. Song, MD; Jose Abdullatif, MD; Soroush Zaghi, MD; 

Paola Pirelli, DDS; Victor Certal, MD, PhD; Christian Guilleminault, MD 

The Laryngoscope, 2017 Jul;127(7):1712-1719

High Arched
Palate

Rapid Maxillary Expansion

� 8 studies 

� n= 39 adults with maxillary 
expansion for OSA

� AHI Reduction: 77.5% 
� From  47.5 ± 29.0/h
� To 10.7 ± 3.2/hr

� Most patients with residual mild 
sleep apnea after expansion
� 95% CI [5.4 to 14.4] events/hr

Maxillary expansion and maxillomandibular expansion for adult OSA: A 
systematic review and meta-analysis 

Jose Abdullatif, Victor Certal, Soroush Zaghi, Sungjin A. Song, Edward T. Chang, M. Boyd Gillespie, Macario Camacho
Journal of Cranio-Maxillo-Facial Surgery, 2016  Feb; 44(5): pp.574-578 
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Maxillomandibular Advancement for Treatment of Obstructive Sleep Apnea:
A Meta-Analysis 

Soroush Zaghi, MD; Jon-Erik C. Holty, MD, MS; Victor Certal, MD; Jose Abdullatif, MD; Christian Guilleminault, DM, 
MD, DBiol; Nelson B. Powell, MD, DDS; Robert W. Riley, MD, MS, DDS; Macario Camacho, MD 

JAMA Otolaryngology–Head & Neck Surgery. 2016 Jan 1;142(1):58-66.

Forty-fives studies with individual data from 518 patients were included 

MMA orthognathic surgery successfully opens the airway and 
reduces the severity of obstructive sleep apnea by 65 to 80%!



10/7/19

9

� Overall, surgical success rate of 85.5%.

� But, only 38.5% of patients were completely cured of 
sleep apnea after surgery.

Functional restriction after maxillary mandibular advancement surgery:
Persistent tongue-base obstruction.  

Pre-Operative CT Scan
(Before MMA Surgery)

Post-Operative CT Scan
(2 Days after MMA Surgery)

The tongue is still blocking the airway
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Functional Limitation: 
Weak and low tone tongue

Impact of a low tone tongue in 
sleep-disordered breathing
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Reference Credit: http://www.paragonhealth.net.au/blog/tongue-tie-in-adults

Ideal Tongue Position: tongue suctioned up to the roof of mouth

Normal / Optimal
Wide Open Airway

Low Tongue Posture
Tongue blocking airway

Ideal Resting Tongue Position: 
Entire tongue is UP in the roof of the mouth 
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Complete 
Lingual Palatal Suction 

5 days old infant with naturally optimal tongue position

Principle of Proper Tongue Positioning: Tongue should rest completely at 
the roof of the mouth to maintain optimal airway function. 

Tongue loses tone and assumes a posterior – inferior position in the airway. 
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Tongue-tie may interfere with tongue mobility and range of motion. 

Tongue assumes 
low position; may 
block the airway 
awake and during 
deep sleep. 

Tongue should rest up at the roof of the palate to maintain optimal airway function. 

Ø Goal: Tongue up on the palate Ø Dysfunction: Low Tongue Posture
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Myofunctional Therapy

Oral myofunctional therapy is an individualized program of isometric (static) and isotonic (dynamic) 
strength and pattern retraining exercises of the tongue and orofacial muscles (for patients with sleep, 
teeth-grinding, breathing, posture, orthodontic relapse, cervical neck tension, and/or jaw pain issues) 
to correct maladaptive oral habits and help restore ideal resting oral posture.

Goals and Objectives

1. Promote exclusive nasal breathing.

2. Strengthen and tone the muscles of the 
tongue and orofacial complex.

3. Promote ideal resting oral posture (lips 
together, tongue on the roof of the 
mouth, nasal breathing).

4. Among others…..  
Alleviating pain and dysfunction by 
identifying compensations of the jaw 
and neck during chewing, talking, 
swallowing.

Myofunctional Therapy
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1. Myofunctional therapy provides a reduction in AHI of approximately 

50% in adults and 62% in children.

2. Improvements to daytime sleepiness and snoring. 

3. Shown effective in children and adults of all ages studied thus far.

Youngest patient: 3 years old 

Oldest patient:   79+ years old. 

4. Important role in preventing relapse.
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Tongue - Tie

Animation Credit: 
Nathan Devery and Nora Ghodousi- Zaghi, DDS
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35
Case Study: 3-year-old girl with sleep-disturbances,  speech delay, open mouth 
breathing, trouble chewing, oral dysphagia and chronic nasal congestion found to 
have Grade 4 tongue-tie and Class III malocclusion.

Pre-Op

Post - Op

Madelyn - 3 year-old girl with sleep-disordered 
breathing, swallow, and speech issues treated 
with myofunctional therapy and minor surgical 
procedure (tongue-tie and lip-tie release).

Noisy mouth breathing with lips 
apart

Quiet, lips together, nasal 
breathing
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Tongue – Tie: 
Obvious &    Not So Obvious
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Kotlow, L. A. (1999). "Ankyloglossia (tongue-tie): a diagnostic and 
treatment quandary." Quintessence International 30(4).

Kotlow’s Free-Tongue Measurement:

Ages 18 months to 14 years

Clinically acceptable, normal range of free 
tongue: greater than 16 mm.

Class I: Mild ankyloglossia: 12 to 16.

Class II: Moderate ankyloglossia: 8 to 11 mm

Class III: Severe ankyloglossia: 3 to 7 mm

Class IV: Complete ankyloglossia: < 3 mm

15 - 17 mm = 
Mild to Normal

Kotlow, L. A. (1999). "Ankyloglossia (tongue-tie): a diagnostic and 
treatment quandary." Quintessence International 30(4).

31 mm = Normal6.5 mm = Severe 
Ankyloglossia

Ages 18 months to 14 years: Developed primarily to evaluate for swallow issues. 
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è Structural definition does not adequately describe this “functional” ankylglossia.  

50-year-old male with severe sleep apnea inadequately treated with CPAP. 
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38 / 50 = 76% 

Yoon et al. (2017). ”Towards a functional definition of ankyloglossia: validating current grading scales for lingual frenulum length and 
tongue mobility in 1052 Subjects." Sleep & Breathing

Tongue range of motion ratio (TRMR): 
Tongue extension as percentage of maximum vertical opening. 

Vertical mouth opening measurements are 
assessed under different conditions: 

(1) Tongue to Incisive Papilla
(2) Maximum Interincisal Opening (MIO)

The TRMR- IP is now a validated objective 
tool to allow clinicians of various 
disciplines to effectively communicate 
ranges of tongue mobility.

Grade 1: >80% (Top 10th percentile)
Grade 2: 50-80%  (Average)

Grade 3: <50% (Below average)

Grade 4: <25% (Bottom 10th percentile)

Higher grades reflect more severe functional 
impairments of tongue mobility.
--------------------
In addition, we are also measuring TRMR 
with :

-- Tongue to Incisive Foramen (Spot)

-- Tongue in Suction Hold (Cave) 

Tongue Range of Motion Ratio
Objective Tool to Assess Tongue Mobility
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Tongue-Tie à Tongue Mobility

Example of tongue mobility restricted to < 25%-50% maximum opening
Grade 3 - 4 Tongue Mobility

58 mm 12 mm

12/58 = 20.6%

28 mm

28/58 = 48.6% 

53-year-old male with restricted tongue mobility associated with clenching, neck 
tension and shoulder tension

Restricted Unrestricted
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50-year-old male with severe sleep apnea inadequately treated with CPAP. 

è Feeling more rested, dreaming, CPAP a lot easier to use.

50-year-old male with severe sleep apnea inadequately treated with CPAP. 

è Feeling more rested, dreaming, CPAP a lot easier to use.
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Controlling for Compensation with Functional Ankyloglossia

Case: 47-year-old female loud snoring and breathing interruptions during sleep associated with fragmented sleep and 
excessive daytime sleepiness. She was diagnosed with obstructive sleep apnea in April 2015; she reports that CPAP is 
intrusive and cumbersome to use. There is a history of forward head posture as well as neck and shoulder tension. 

July 2017: Baseline Dec 2017: 5 months after MFT + Frenuloplasty

Improvements of 65 – 80% in RDI, AHI, ODI, & time spent below 90% SpO2.
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Case: 36-year-old male with with face/neck tension, headaches, and open mouth 
breathing. He notices tension in his neck and face, as well as headaches, while trying 
to keep his tongue up to the roof of the mouth.

Hard palate (maxilla) is narrow relative to tongue-width
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Cone beam CT (mid-sagittal): 
Low tongue posture but adequate tongue space and posterior airway space (13-18mm)
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“Check out my new tongue rest position, took this CT today, 3 days post op, could be a good before 
and after for you. Lost a few sutures toward the tip of the tongue and definitely a bit sore but 
otherwise doing great. Thanks again for a great course and frenuloplasty,” - Jeremy Montrose DMD

Reference Credit: http://www.paragonhealth.net.au/blog/tongue-tie-in-adults

Ideal Tongue Position: tongue suctioned up to the roof of mouth

Normal / Optimal
Wide Open Airway

Low Tongue Posture
Tongue blocking airway
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Example of non-restricted tongue mobility: normal control

2019
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High rates of patient satisfaction and treatment success. 
Low risk of minor complications. 
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Levels of Evidence in Clinical Medicine
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60 year-old female with WORSE sleep 
apnea after frenuloplasty

Baseline

6 Weeks

AHI = 17

AHI = 56

Floor of mouth elevation
Limited mobility of posterior tongue

Improved lingual palatal suction

Less tension in mouth and neck

But Worsened Sleep Apnea…..
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Very Narrow Posterior Airway Space

Low tongue posture due to 
restrictive lingual frenulum 

(Grade 3 TRMR with “Eiffel Tower” 
and “Dimple” signs of restriction).

(CT scans showing low tongue in 
coronal and sagittal planes; high 

arched palate present)
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Assessment of Posterior Airway Space: Retromaxillary, Retropalatal, Retrolingual

32 year-old normal female without restricted posterior airway space

Notice high resting tongue position, good airway, no spinal compensations 
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56 year-old male with severe obstructive sleep apnea

Notice altered head posture

32 year-old male with snoring, low tongue posture, and adequate posterior airway space

Good candidate for myofunctional therapy +/- tongue-tie surgery.  
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68 year-old female with low tongue position, restricted airway, and spinal compensations

Is she a good candidate for tongue-tie surgery? No!

Surgical Technique
Laser 

� Easier technique

� Less risk of bleeding 

� False sense of “security”

Scissors
� Requires more advanced surgical 

skill 

� Better visualization of anatomy

� Deeper releases of fascia and muscle 

SuturesNo Sutures

� Open wound: + risk of scarring � Closed wound: hairline scar



10/7/19

38

posterior tongue-tie

Slide Credit: Bobby Ghaheri, MD

Anterior vs. Posterior 
Tongue-tie

anterior tongue-tie

Mucosal frenulum

Median Lingual Septum

Median Lingual Septum

Frenuloplasty with Partial Genioglossectomy

è Release of the superior myofascial fibers of the 
genioglossus muscle (partial genioglossectomy)
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35 year – old female dentist with cervical neck tension, forward head 
posture, fascia restrictions, open mouth breathing, and snoring.
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Post-Op Day 1

How far is far enough?     
Mucosal Frenulum + Median Lingual Septum + Partial Genioglossectomy

2 months post-op

How far is far enough?     
Mucosal Frenulum + Median Lingual Septum + Partial Genioglossectomy
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Posture and Fascia System
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Effects of Restricted Fascia System



10/7/19

44

Myofascial Lines of the Body

An early attempt to dissect 
out the Deep Front Line 
shows a continual tissue 
connection from tongue to 
the toes via the psoas.

Fascia: Deep Front Line
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Goals of treatment
� Remove the restriction 

� Restore optimal function

Surgery + Therapy

Functional Approach to Frenuloplasty

Ideal Resting Tongue Position: 
Entire tongue UP in the roof of the mouth 
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Case: 28-year-old male with Grade 3 compensating to Grade 2 ankyloglossia
associated nasal congestion, facial pain, sore mouth/throat, swallowing pain, poor sleep, 
neck/spine pain, and anxiety.

End Point= Natural, effortless, unrestricted palatal swallow
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How to do post-op exercises properly!

1 week post-op: ”Much less nasal congestion, feeling happier, more energy, tongue 
is always on the roof of mouth."

Very nicely healing post-op.
Excellent disassociation of tongue from the floor of mouth!
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Case: 50-year-old female with snoring and poor sleep ; Grade 3 compensating to Grade 2 tongue mobility. 

Follow up at 3.5 months shows thick restrictive scarring with worsened tongue mobility.
“I actually did not really do any of the exercises”
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Productive Therapy Maladaptive TherapyNo Therapy

Floor Of 
Mouth

Myofunctional Therapy: Critical importance of Tongue - Floor of Mouth disassociation 
in optimizing healing after functional frenuloplasty. 

Ready for tongue-tie surgery?
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Ready for tongue-tie surgery?

2 months later…. 

Pre-Op Post-Op 1 week
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Learning Opportunities
� Course offerings: 

� Functional Approach to Frenuloplasty

� Functional Approach to Sleep Medicine

� Lecture and live surgical demonstrations 
with a comprehensive overview of our 
protocol procedures.

� Class size is intended to be small by design 
for an intimate educational experience and 
more individual instruction.

Please visit our website for educational resources and course opportunities.
www.ZaghiMD.com
DrZ@ZaghiMD.com

“You are never too young to learn, never too old to change.”  – R.M. Nelson

http://www.zaghimd.com/
mailto:DrZ@ZaghiMD.com
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Team @ The Breathe Institute

https://www.thebreatheinstitute.com/
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Thank you for your interest and attention!

Soroush Zaghi, MD
Otolaryngology (ENT) - Sleep Surgeon
Nasal Breathing, Snoring, and Sleep Apnea
Tongue-Tie and Maxillofacial Development

DrZ@ZaghiMD.com
www.ZaghiMD.com

“You are never too young to learn, never too old to change.”  – R.M. Nelson

mailto:DrZ@ZaghiMD.com
http://www.zaghimd.com/
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Case Study: 3-year-old girl with sleep-disturbances, speech delay, open mouth 
breathing, trouble chewing, oral dysphagia and chronic nasal congestion found to 
have Grade 4 tongue-tie and Class III malocclusion.
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Pre-Op

Post - Op

Madelyn - 3 year-old girl with sleep-disordered 
breathing, swallow, and speech issues treated 
with myofunctional therapy and minor surgical 
procedure (tongue-tie and lip-tie release).

Noisy mouth breathing with lips 
apart

Quiet, lips together, nasal 
breathing
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Level 5 evidence: Case reports are regarded as the lowest level of evidence due to chance of 
bias and likelihood for alternative explanations for the outcome to be found. 

Summary of symptoms before release:

• 60 y/o female with severe headaches, jaw tension, 
sleep problems

• Tremendous forward head posture
• Had frenectomy when she was 7, but it did not make a 

huge difference
• Had palate expansion, which helped somewhat but did 

not resolve the issues
• Joy Moeller said her issues might resolve with a 

deeper (posterior) frenectomy. Dr. Zaghi evaluated and 
agreed.

Emotional perspective after release:

• "Nothing feels as serious, everything feels more 
handle-able”

• Felt "opening in the back of the neck, particularly 
where the neck connects to the spine". 

• “The way I hold myself is completely different. This 
would have been impossible before the surgery”

• “In one second, everything opened up. The pressure in 
my jaw is gone. The pressure in the back of my head is 
gone.”

• Dowager's hump (used to be quite large) is gone, and 
her spine has to adjust to that due to her prior 
scoliosis.

• Her spinal adjustments are close to resolving.
• Made her calmer, she is taking things easier.

“This is what normal people feel like. This is how easy it can be in the world.” – Katarina W.



10/7/19

59

Two years later: rejuvenation of face, body, and spirit.

Feedback on my video
“Soroush,

I will be honest and say that I think you are better than 
this 1-patient testimonial would suggest. Anecdotal 
experiences like this can form the basis of scientific 
evaluation, but it is pretty useless in itself. I would 
strongly recommend that you develop an evidence basis 
with higher-quality science than this.”
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Case #1: Madelyn 2 Months Post-Op

Thank you: Jeanine Murdock, SLP
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Case #2: 11 year-old girl with sleep-disordered breathing and depressed mood issues

Case #3: 3-year-old boy with open mouth breathing, restless sleep, maladaptive 
swallow habits, and maxillofacial underdevelopment associated with oral myofascial 
dysfunction. 

Day 7 Post-OpDay 5 Post-Op, 9:49 pm
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Case #4: Case from a colleague: 3 year-old boy with mouth breathing.

Credit: Dr. Ryan Roberts

Case #5: 7 year old female with mouth 
breathing, maxillofacial retrusion, and 
posture issues  

Photo Credit: 
Rebecca Thorsen, SLP
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Photo Credit: Rebecca Thorsen, SLP

Level 4 Evidence: 
Case series consist of non-consecutive collections of descriptive reports among patients 
who share a common treatment and outcome. 

Because the cases are selected to demonstrate a common theme, case series are limited by 
selection bias and have little statistical validity.

The internal validity of a case series can be improved by including the results of a large 
number of consecutive cases followed over a defined period of time. A standardized data 
collection process can help minimize (but not eliminate) the risk of bias.
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High treatment success and rates of patient satisfaction 
with functional frenuloplasty

Lingual frenuloplasty with myofunctional therapy: Experience with 348 cases validating an 
indication of tongue-tie release for mouth breathing, sleep-disordered breathing, and 
craniofacial pain. [Research Manuscript, Submitted and Pending Review]

2019
Level of Evidence 3
Retrospective Cohort Study

Level 3 Evidence: Analytical study that consists of consecutive collections of standardized 
data among patients who share a common treatment or exposure.  

Most commonly, post-treatment results are compared to baseline measures. 

“Quasi-experimental”: Internal validity limited by the lack of a randomized control group.



10/7/19

65



10/7/19

66



10/7/19

67



10/7/19

68



10/7/19

69

Literature Review: Tongue-Tie & Sleep Disordered Breathing 
Evidence in children and adults

Christian Guilleminault DM, MD, DBiol
Professor- Stanford University Sleep Medicine 

Physician and researcher who played a central role in the 
early discovery of obstructive sleep apnea and is now 
internationally credited with the development of "Sleep 
Medicine" as a medical field throughout the world.

He was a founding member of the Association of Sleep 
Disorders Centers in 1975 and was elected as the first 
editor of the journal Sleep in June 1976. He has authored 
over 600+ articles in peer-reviewed medical journals and 
has won numerous awards for his seminal contributions.  

His research over the last 10 years has been focused on 
identifying early risk factors that lead to occurrence of 
sleep-disordered-breathing and obstructive sleep apnea 
with the goal of prevention through early intervention.
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C.G. is the first to coin the terms: 
“Obstructive Sleep Apnea Syndrome” (OSA)
“Upper Airway Resistance Syndrome” (UARS)
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Charles Dickens is the first to describe: 
sleep-disordered breathing (obesity hypoventilation syndrome)

March 30, 1836

The Posthumous Papers of the Pickwick 
Club (also known as The Pickwick Papers) 
was Charles Dickens's first novel.

Chapters were issued in monthly installments 
following the “perambulations, perils, travels, and 
adventures” of various central and supporting 
characters. 

• Joe — the "fat boy" who consumes great 
quantities of food and constantly falls 
asleep in any situation at any time of day.

• Joe's sleep problem is the origin of the 
medical term Pickwickian syndrome, which 
ultimately led to the subsequent description 
of obesity hypoventilation syndrome.

The Pickwick Papers and Sleep Apnea

“The object that presented itself to the eyes of 
the astonished clerk, was a boy–a wonderfully 
fat boy–habited as a serving lad, standing 
upright on the mat, with his eyes closed as if in 
sleep.”

“Sleep!” said the old gentleman, ‘he’s always 
asleep. Goes on errands fast asleep, and 
snores as he waits at table.”

“How very odd!” said Mr. Pickwick.

“Ah! odd indeed,” returned the old gentleman.

https://en.wikipedia.org/wiki/Charles_Dickens
https://en.wikipedia.org/wiki/Pickwickian_syndrome
https://en.wikipedia.org/wiki/Obesity_hypoventilation_syndrome
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“Finally an experience which indicated the severity of his disability 
led him to seek hospital care. 

The patient was accustomed to playing poker once a week and on 
this crucial occasion he was dealt a hand of three aces and two 
kings. According to Hoyle this hand is called a “full house.” Because 
he had dropped off to sleep he failed to take advantage of this 
opportunity. [Italics original]. A few days later he 
entered…hospital.”

First case report of sleep-disordered breathing

Level 5 Evidence: Report of one individual case. 

1836 Level of Evidence 5
Expert Opinion, Personal 
Observation, Case Report 

1972

Pickwickian
Syndrome: obesity, 
daytime sleepiness, 
loud snoring 
(Charles Dickens, Fat 
Boy in Pickwick 
Papers, 1836)

Level of Evidence 5
Expert Opinion, Personal 
Observation, Case Report 

Obstructive Sleep Apnea
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1976 "The sleep apnea syndromes."
Guilleminault, Christian, Ara Tilkian, and William C. Dement. 
Annual review of medicine 27.1 (1976): 465-484. 

Level of Evidence 4
Case Series

At the Stanford University Sleep Disorders Clinic, between June 1972 and June 1975, we 

identified sleep apnea syndromes in sixty-two patients among 350 patients referred for 

evaluation of serious sleep problems. 

1977 Level of Evidence 3
Cohort Study

Cohort study of 15 patients with ”sleep-induced apnea” who would develop cardiac 
arrhythmias during sleep. Partial improvement with atropine; significant improvement 
(“near reversal”) after tracheostomy. 
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Tracheostomy was the primary surgical modality utilized to treat OSA patients 
until the early 1980s. Definitive treatment successful in 100% of patients. 

1980 Level of Evidence 2
Controlled longitudinal studies. 
No blinded randomized control studies.

In 1980, a construction worker with a particularly 
severe case of obstructive sleep apnea walked into 
Dr. Collins Sullivan’s hospital seeking help after 
refusing a tracheotomy procedure.

Dr. Collin had surmised that perhaps a solution to 
improve breathing during sleep was to use a 
device that could pump air from the surrounding 
environment and into the respiratory tract. So, Dr. 
Sullivan devised a breathing mask and connected 
it via a number of different hoses to the engine of 
a vacuum cleaner and was performing testing on 
English bulldogs, pugs and other breeds of dogs 
with a similarly compacted breathing mechanism. 

Reference: https://blog.easybreathe.com/cpap-history-aussie-doctor-vacuum-cleaner/
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The results from animal study were extremely promising – rumor has it that the dog 
wagged his tail, leaped outside, unearthed every bone he ever buried and, most 
shockingly, a nurse tech swore she saw the pooch give a double thumbs up – so Dr. 
Sullivan moved on to phase two: determining if this contraption would work on 
humans.

Information begins at the bottom of the pyramid: this is where ideas and 
laboratory research takes place. Ideas turn into therapies and diagnostic 
tools, which then are tested with lab models and animals.
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1981

CPAP proposed as an alternative to tracheostomy based on a series of n=5 patients.

Level of Evidence 4
Case Series

“What are we to do 
when the irresistible 
force of the need to 
offer clinical advice 
meets with the 
immovable object of 
flawed evidence? 

All we can do is our 
best: give the advice, 
but alert the advisees 
to the flaws in the 
evidence on which it 
is based.”

1980s

Tracheostomy: 
Level 2 Evidence

CPAP: 
Level 4 Evidence
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“What are we to do 
when the irresistible 
force of the need to 
offer clinical advice 
meets with the 
immovable object of 
flawed evidence? 

All we can do is our 
best: give the advice, 
but alert the advisees 
to the flaws in the 
evidence on which it 
is based.”

2018

Standard of Care: 
Level 1/2 Evidence

Tongue-tie: 
Level 3-5 Evidence

Opinions, case reports, and case series are an opportunity 
for new scientific inquiry. 
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1976 Level of Evidence 4
Case Series

2004 Level of Evidence 3
Retrospective Study
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2011 Level of Evidence 3
Retrospective Study

Retrospective review of 400 children (age 2-17) 
with sleep-disordered breathing.
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2011

è 24 children with sleep apnea were cured following adenotonsillectomy
and/or orthodontia. 

è All were referred for myofunctional therapy. 
è Patients who completed therapy: (n=11) No relapse- Average AHI= 

0.5 ± 0.4
è Patients who did not pursue therapy: (n=13) Mild relapse. Average 

AHI 5.3±1.5 

è Absence of myofascial treatment is associated with a recurrence of SDB. 

è Important role of myofunctional therapy in preventing recurrence of 
sleep apnea. 

2013 Level of Evidence 3
Retrospective Study



10/7/19

82

2014

2015
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1. Myofunctional therapy provides a reduction in AHI of approximately 

50% in adults and 62% in children.

2. Improvements to daytime sleepiness and snoring. 

3. Shown effective in children and adults of all ages studied thus far.

Youngest patient: 3 years old 

Oldest patient:   79+ years old. 

4. Important role in preventing relapse.

Therapy: Goals of Treatment
Ø Lips together Ø Tongue up on the palate

Ø Only Nasal Breathing 
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Structural Restrictions

à Tongue-tie can interfere with goals of myofunctional therapy.

2015
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Study Design
� 150 pediatric patients 

with OSA
� Short frenulum 

(n=70)
� Normal frenulum 

(n=80)

Level 3 Evidence: Case - Control Study 

Study Design
� Other Physical Exam Findings

� Tonsil Size: Grade 1-4
� Mallampati Tongue Position: Grade 1-4

� High Arched Palate: Yes/No

High Arched
Palate

Mallampati Tongue PositionTonsil Size
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Level 3 evidence: Cross-sectional cohort study 

2017
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Question: 
Could altered tongue mobility affect development of the 
maxillary arch?

Restricted Tongue Mobility V-Shaped Maxillary Arch

Level 3 evidence: Cross-sectional cohort study 
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Conclusion: Restricted tongue mobility is associated with 
narrow V-shaped maxillary arch

Level 3 evidence showing that Grade 3+ functional ankyloglossia is associated with 
alterations of orofacial morphology
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Maxillofacial Development is Multifactorial

Restricted tongue mobility accounts for 7.6% of the variance in narrowness of the 
maxillary arch. Other factors: mouth breathing, oral habits, tongue tone, oral resting 
posture, nutrition, chewing, swallowing as well as other genetic and environmental 
factors environmental play a critical role in >90% of cases. 

Guilleminault C et al., The nocturnal-polysomnogram and “non-hypoxic sleep-disordered-breathing” in children, 
Sleep Medicine, https://doi.org/10.1016/j.sleep.2018.11.001 

2018



10/7/19

90

Mouth Breathing and Tongue Position
� High Tongue Position

Nasal Breathing Mouth Breathing 

� Low Tongue Position

High Arched Palate à Narrow Nasal Cavity

Tongue position is integral to development of maxillary morphology

High arched palate

Narrow nasal cavity

Low tongue position

Septal Deviation

Yoon, A. J., Zaghi, S., Ha, S., Law, C. S., Guilleminault, C., & Liu, S. Y. (2017). 
Ankyloglossia as a risk factor for maxillary hypoplasia and soft palate 
elongation: A functional–morphological study. Orthodontics & 
craniofacial research, 20(4), 237-244.
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Trevor - 23 year-old with: 

� Recurrent sinus infections.

� Tightness in his neck and 
shoulders

� TMJ pain

� Sleep issues

� Anxiety/depression due to 
chronic fatigue.

2015 Level of Evidence 4
Case Series

We identified 27 patients with association of short lingual frenulum and SDB.

The mean age was 11.4 years (range: 2 to 16 years). 

Children presented with symptoms of SDB such as snoring, poor sleep, and 
fatigue but also a history of symptoms associated with short lingual frenulum 
such as problems with speech, swallowing or suction, particularly early in life. 
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n= 10 children with large tonsils 
referred to ENT for T&A and 
frenectomy

n=8 children with normal sized 
tonsils referred to ENT for 
frenectomy. 

n=9 children referred to 
orthodontists for rapid maxillary 
expansion (RME) and need for 
frenectomy was also mentioned.

========================

n= 8 / 10 children had tonsils and 
frenectomy performed

n= 5/ 8 children had isolated 
frenectomy

n= 0/9 children referred for RME 
had frenectomy performed

Results: “Short Lingual Frenulum and OSA in Children”

n= 8 / 10 children had tonsils and 

frenectomy performed

n= 5/ 8 children had isolated frenectomy

n= 0/9 children referred for RME had 

frenectomy performed

There was an overall improvement by 

clinical evaluation and PSG in all children 

whether frenectomy was performed or not. 

However, only two children (both treated 

with tonsillectomy and frenectomy) had 

complete resolution of abnormal mouth 

breathing.  

All others (92.5%, 25/27) persisted with 

abnormal mouth breathing, including all 
five children that were treated with 

isolated frenectomy.

========================

n=4 children with isolated frenectomy

n= 2 children with prior tonsillectomy 

who then proceeded with frenectomy

n= 5 children with orthodontics who 

then proceeded with frenectomy

These 25 patients with residual mouth 

breathing were referred for myofunctional

therapy (+ frenectomy if not yet 

performed).

All 11/ 11 patients achieved 100% 

improvement to mouth breathing 

and sleep symptoms. 

There were 11 patients who followed up 

after completing 4-6 months of therapy :
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Conclusion: “Short Lingual Frenulum and OSA in Children”

Frenectomy for short lingual frenulum in isolation or following 
T&A helps but is commonly insufficient to resolve all abnormal 
breathing patterns during sleep among children with OSA.

Frenectomy alone may not be sufficient to restore normal nasal 
breathing function during sleep, particularly if the frenulum-
related problem has lingered over years.

Myofunctional therapy may be needed after frenulum surgery to 
to restore normal nasal breathing function.

2019
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High rates of patient satisfaction and treatment success. 
Low risk of minor complications. 

Lingual frenuloplasty with myofunctional therapy: Experience with 348 cases exploring safety 
and efficacy of tongue-tie release for mouth breathing, snoring, dental clenching, and 
myofascial tension.
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Case: 47-year-old female loud snoring and breathing interruptions during sleep associated with fragmented sleep and 
excessive daytime sleepiness. She was diagnosed with obstructive sleep apnea in April 2015; she reports that CPAP is 
intrusive and cumbersome to use. There is a history of forward head posture as well as neck and shoulder tension. 

July 2017: Baseline Dec 2017: 5 months after MFT + Frenuloplasty

Improvements of 65 – 80% in RDI, AHI, ODI, & time spent below 90% SpO2.
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60 year-old female with WORSE sleep 
apnea after frenuloplasty

Baseline

6 Weeks

AHI = 17

AHI = 56

Floor of mouth elevation
Limited mobility of posterior tongue

Improved lingual palatal suction

Less tension in mouth and neck

But Worsened Sleep Apnea…..
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Very Narrow Posterior Airway Space

Case: 36-year-old male with with face/neck tension, headaches, and open mouth 
breathing. He notices tension in his neck and face, as well as headaches, while trying 
to keep his tongue up to the roof of the mouth.

2020+: Upcoming Research: Patient selection and modifying treatment 
protocol to further improve success rate and reduce risks /complications.
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PRE-OP: Cone beam CT showing low tongue posture but adequate tongue 
space and posterior airway space (13-18mm)

“Check out my new tongue rest position, took this CT today, 3 days post op, could be a good before 
and after for you. Lost a few sutures toward the tip of the tongue and definitely a bit sore but 
otherwise doing great. Thanks again for a great course and frenuloplasty,” - Jeremy Montrose DMD

POST-OP: Cone beam CT showing high resting tongue posture
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Summary of Literature Review

� 1972: Discovery of OSA in Adults

� 1976: First descriptions of pediatric OSA

� 1977-80: Use of Tracheostomy for adult OSA

� 1981: Introduction of CPAP for adult OSA

� 1995: CPAP for Pediatric OSA

� 2001: Pediatric OSA different than adult OSA. 

� 2004: T&A alone is not sufficient for treatment. 

� 2011: Tonsils and orthodontics also not sufficient.

� 2015: Tonsils, orthodontics, frenectomy still not sufficient. 

� 2013-15: Myofunctional therapy and nasal breathing re-
education as the ultimate missing link. 
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Summary of Literature Review

� 2013-15: Myofunctional therapy and nasal 
breathing re-education as the ultimate missing link.

� 2016-17: Short lingual frenulum is very common in 
pediatric and adult OSA.

� 2016-7:  Short lingual frenulum is a risk factor for 
high arched narrow palate. 

� 2018-9: Frenuloplasty + myofunctional therapy to  
optimize outcomes.

� 2019-20:  Patient selection and modifying 
treatment protocol to further improve success rate 
and reduce risks /complications.

Team @ The Breathe Institute

https://www.thebreatheinstitute.com/
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Thank you for your interest and attention!
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